Kinematic analysis in
prehensile movement:
obstacle avoidance, bimanual
and joint action

Inaugural-Dissertation

zur Erlangung des Doktorgrades der Philosophie an der Ludwig-Maximilians-
Universitdt Miinchen

vorgelegt von

Jun L1

16 September 2011



Priifer:

Prof. Dr. Anna Schubs, AG Kognitive Psychophysiologie, Philipps-Universitit
Marburg

Prof. Dr. Heiner Deubel, Department Psychologie, Ludwig-Maximilians-Universitét

Prof. Dr. Michael Beetz, Head of the IAS Group, Computer Science Department,
Technische Universitdt Miinchen



Berichte aus der Robotik

Jun Li

Kinematic analysis in prehensile movement:
obstacle avoidance, bimanual and joint action

Shaker Verlag
Aachen 2015



Bibliographic information published by the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this publication in the Deutsche
Nationalbibliografie; detailed bibliographic data are available in the Internet at
http://dnb.d-nb.de.

Zugl.: Miinchen, Univ., Diss., 2012

Copyright Shaker Verlag 2015

All rights reserved. No part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, without the prior permission
ofthe publishers.

Printedin Germany.

ISBN 978-3-8440-3444-8

ISSN 1434-8098

Shaker Verlag GmbH « P.O.BOX 101818 « D-52018 Aachen

Phone: 0049/2407/9596-0 + Telefax: 0049/2407/9596-9
Internet: www.shaker.de « e-mail: info@shaker.de



Contents

1.

INErOAUCHION ...t 5
1.1 Prehensile MOVEMENLS........c.occouiuiiiiiiiiiiieiciecceee e 5
1.2 Recent research on prehensile KINEmMatics..........cooveeririeininieineneineneenene 7
1.3 Recent research on prehensile neurophysiology.........c.ccceveveiiinerieinenieennne. 10
1.4 (Possible) hypotheses on prehensile movement ...........ccoeeeeeneniincncnnennenn. 12

1.4.1 MOtOT VOCADUIATICS ....cvvevieeieiieieeiieiienieie ettt 12
1.4.2 Internal model...........coccevvrieinnn. .13
1.4.3 State estimation of on-line control.... .14
1.5 Application of prehensile research...........ocooeiiirieiieniiieeeeee e 16
1.6 Outline of the diSSErtation........c.c.vveueirieueirinieiciecci e 16

Grasping during obstacle avoidance............coceoueirerieiiiiiiiieeee e 18
2.1 INEOQUCTION ...ttt ee 18
2.2 EXPEIIMENt 2.1 .ottt 20

2.2.1 MethOdS..c.oiiiiiciiicce e 21

2.2.2 RESUILS ..ttt ettt st ettt e e ae s neas 26

2.2.3 DISCUSSION ...ttt ettt eiete et esteseesteeae et esaesteeaeeneesessesseeneeseaseeseeneensenees 30
2.3 EXPEITMENE 2.2 1.ttt ettt ettt ettt ettt ettt e be e s st seebaneeneebe e 31

2.3 1 MEthOMS. ...cueviiiiieiiice ettt 31

232 RESUIS .ottt 35

2.3.3 DISCUSSION c..veniiiieeteicrteeete ettt ettt ettt nenenene 38
2.4 General CONCIUSION.......c..cveuiiriiieiiiieicirieiccetec ettt 39

Grasping in a bimanual task ..........c.cooeoiiiiiiiii e 41
3.1 INErOAUCHION . ....eeiiiiiiieiceeec e 41
3.2 EXPEriMENt 3.1 ittt 44



321 MEENOMS. ..ceviiviiiiicie ettt ettt s 44

3.2.2 Results................... ....48

3.3 General ConClUSION .......cvvoviiiieiieeieeieeeeieee ettt ettt et 59

4 Grasping in a joint transferring task ............cocooeirinieiiiineiieeeeeeee e 64
4.1 INETOAUCTION .....vviviet ettt ettt ettt et s e v eas et et e eaeene e s enas 64
4.2 EXPEIIMENE 4.1 .ottt bbb 66
4.2.1 MENOMS. ...ecviieiiiieiiciieieeetet ettt ettt ettt sbe et ena s 66
4.2.2 RESUILS ..ottt ettt ettt e e s seeseesbesaeebeeseennenne 71
4.2.3 DISCUSSION ..evvetievienienteeteestestesteeseesaessessesssessesessesssessessesseeseessensessesssessessenns 76

4.3 EXPEIIMENE 4.2 ..ottt 77
4.3, 1 MENOGS. ..ottt sttt ae e 77
432 RESUIS...couiiitiiiiii ettt e 78
4.3.3 DISCUSSION ...vevvieetieteeetieette et eeteeetteesteeaeeeseeeseeesseesseeseessseessaesseenseeseessaeenns 85

4.4 General CONCIUSION. ........ooviivieuieiiieiectieeeeee ettt ettt ettt 86

5 FINAl CONCIUSION ...ttt ettt ettt a e et e ae e s 88
RETETEICES ... ittt ettt ettt ettt a e aeese e s e saeeaeessessene e 96
LISt OF FIGUICS ...ttt 107
LISt OF TADIES 1.vvvveiietieiieieeieete ettt ettt et e et esaenaenaeeneens 111



